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(57) Abstract 

PROBLEM TO BE SOLVED: To obtain a III nitride 
semiconductor light-emitting element having a high 
light-emitting intensity by constituting It with a 
light-emitting part of a heteroj unction structure 
provided on an Si single-crystal substrate of a III 
nitride semiconductor crystal layer of high quality, 
having few crystal defects density. 

SOLUTION: A method for manufacturing the III nitride 
semiconductor light- emitting element having the high 
light-emitting intensity comprises the step of providing 
the light-emitting part having a barrier layer made of 
the 111 nitride semiconductor, containing nitrogen(N) 
and a group V element other than nitrogen and a 
light-emitting layer via a buffer layer on the Si 
substrate and having superior crystaltinity of a 
lattice-matching heterojunction structure. 
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(54) [Smm^Wl I I 1 m^{i:Jlfj¥f-m»mM^^i:Zf^<D9m^^ 

(57) mm 

s imm.±i.zmm^iift-Lx. mm (n) 
t> * mmm t §k^m ta-h^^i, ^m^?k<r>^7- n 




m^mit<^mm (s i) M^m^mmt. 
aa? (N) t^mi:x9\-(r>mvmytmti:^tri i imm. 

[tt*«3] M«^?r, (P) *;^c{iSfc* (As) 

ta^ (N) timmTtmtLx^t^i i i^^t®* 

ie«o 1 1 1 mmi\:^^mi^^itm=f-o 
I»*«4] >;> (p) tfcimm (as) 

tl83iS (B) i:*«fiS:7nmt LT^trl I I -vmit-t 

[ffi*«5i mmmt. mm (n) ta^j-m^»v^ 

<0 I I I ^Mffc!^#«#%*«i^o 

■^A (A IxG ai-xNi-vPY : OSXi 1 , 0<Y< 

(N) tmmi-m<r>mvm7cmti^tfi i imm.im 

1 St::fB«<0 I I i ^M-fkft^S^^f&^t^^ o 

mm^itm<r>muit (««) «:*tc-r*«i^<offi (ph 

a s e) ii-hii^^iSm^'OW^mii-hm^LtzZ.t^ 

A (G ax I iii-xNi-yPy : 0 <XS 1 , 0<Y< 1 ) 
<b L ;t C <!: t !tf a i: 1- 1 7!;M 8 <^^sr*t*» 

1 jgicfBisto 1 1 1 mmim^^i^§t^miF-o 
we^ristt-sxet, (n) ta^tn 
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i)-t=mmLfzZfi:i^^tir^mimi 0{CSB«<^I I 

im^^l 2] U> (?) i;t:l±J}t3g (A 

s) tmM (N) t«r««7cgii:UT#trI I I 

m^mwi)-hmfSLLfz:^tii^Wit-fi,mii^-^i ottz 
\t 1 1 icie«co 1 1 I ^fb!^*##:|&*^i^o$iii:^ 

31 'j> (?) ttz{±Wcm (A 

s) t?iis« (B) t^mmTtmtvx^tsi I i-v^ 
io it^m^mm-hm^ Ltz:itimmh-r^ k^jb i o 
ttzit 1 1 tciE«o 1 1 1 Mim^mw?kit^=f-<r>m 

4] mmmi. (n) ta^j^moigv 
t-fB«o 1 1 1 mMim^^wmt$^^<r>9km.:fjmo 

5] KM^*. Sft'J >fl:T;U5-'t7A • if 
(A IxG ai-xNi-vPr : O^XS 1 , 0<Y< 

1) ^-hmmvfzz ti:!fmt-r i>m^mi onmi 4 
20 <D^M- 1 mizum.<o 1 1 1 ms.it!i^^mi¥ftic;m^<r> 

m^mi 6] §titmi. wmmtm^m^-ti>mm 

(N) i:a?gJ-m<^»V®E7n3!?t*^trI I I^Sffc^ 

5 ow^t*^ 1 miz^WL<o 1 1 1 m^im^mi^^^m^ 

VI^W^TC^coajSJt (jftS) 5:Mlz-r^ffiS5:<7?ffl (p 
base) :^"b=fc^#ffl«iiO^B%g:*-c,«^L/i::i: 

JO i^mt-t i,m^mi onmi 6(D^fi^^imztim.<o 
m^mi 8] ^^gsr, aft'; -^^ a • > v 

•t^A (G ax I ni-xNi-Y Py : OSXS 1 , 0 < Y< 

1) t^hmfS.Lfzzti!i^W!.t-ri>m^^i 07bm.i i 
[ffe?g<^»«i^:ia^l 

[0 0 0 1] 

40 h\^x. '&.m^itii-hmk^<r>^mt^wMx%:^>^7■ 
^ {mm ^%m^(r)%im^m-fi> 1 1 \ '^\m^ 

[0 0 0 2] 

[i^j^oswi '^%mm^<r>^yr (a-AiaOs 

*ig^) t-ft^LT, (S i) (v'J3V.) 

4:3fe«i:LTI I I ^^t«5^«^l6^^^'f K (L 
ED) Sr«^-r^l$#3&*^^$tuTV»^ (E 1 e c t r 
on. Lett., 33 (23) (19 9 7). 198 
6- 1 9 8 7M#BB) o mm.mm-t^ S i mi^B^BSriS 
50 «i:i-*tlf, 3£««Bl-mS*«:Kt?i, fBf«tcLED 
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3 

9J-ei^^lJj^?.4** (Appl. Phys. Let 
t.,72 (4) (1998), 415-41 7M# 

m o 

[0 0 0 31 s is^i^^imm.tir^'ijt^<r>i I imm. 

(±fe<OA ppl. Phys. Lett. #BS) » 
attice mismatch) ?Sr^*LT, ifeSit 

5:afbT;i'5->t7A (A IN) -J-ibfilfig-f ^08;6«*n*tr 

10-24258 6-f-^«) o 
[0 0 0 4] STt:. U ^fbaim (BP) :*^<b1SiaM«^ 

imfisc-i-^iimi>mfix^':h mmw-2 -2 8 8 3 8 8 

C<')>imm (BP) *»<b5r*«FiaiS««S-»iB$-<i- 

f.^msmmt^t^mmm^mj&-t^mA^^fix^^i> (^m 20 

#11=6, 0 2 9, 0 2 1#)o S \M.m¥u^<r)tL-yi^m 
^mi±.\Z')y\mm (BP) ^tffg«r:^Lr^tt/jM 

im^mm lt i u mmsm'^m.^i. e d *«g£-r * 

Kit <)^^$nTi/>S (#S¥2-2 8 8 3 7 l-f-^j 
«l) o WMI&it ( z i n c b 1 e n d ) ^Sb^McO BP* 

(±I50^K¥2 - 2 8 8 3 7 1 -t&«) <> 

[0 0 0 5] e&*<os i n-m^^mBLt-th 1 1 

mtrntmrn. (N) S:iiS-0»V^«gc7c3Ki:-t-* I I 

MSS (A IxG av I ni-x-YN : O^XSl, OSY 

SI, OSX + YSl) :*-e>«JS;§tfCv»S (#li¥l 

0-32191 1-f-ii-^) o nff^®.?>*pff^ 
A I0.2G ao.8Nd^'b^.&5'7 y KSt, G aN^^^^bi 

7!>^*.5. (#M¥1 0-2 4 2 5 8 6"^^^) o Z.(r>W 

(C, S i*SHl?r^«i:i-<l>ts&*OI I I^Sfbt;4^» 40 

#LED(c(i, i&^^m^#t-i-^ I I i^afbii»*^ 

-5><><7)t t^oTv^fc (±feco®Ap p 1 . Phys. 
Lett, 7 2 (4) ( 1 9 9 8) S.tK<2>E 1 e c t r 
on. Lett., 33 (23) (1997) #HB) „ 
[0 0 0 6] 

[|IW**»*LJ:t t-r-Bi^M] t«5ScOI I i-vm.\t 
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X-v y-f^ (m i s -m a t c h) tCfeH L 

ii^^m<7>m^iiA^&mx'$>:hm. ^<^j:^o esor, 

[0 0 0 7] i ^±mt±U^ 7 y 

J: ») ±f20iP < W&X^Z>t , ±«<OJigB^' 7 y Vm<r> 

«<0l£5il^^:KESr*LTv>.i>o f6jfeSOj[z;«H(-i:<)¥ 

[0 0 0 8] ^^imm.<r> 1 1 1 m^im^^i¥-§kiiim 
^^^^izmmLx^^'r^m¥BX^mst<on 

[0 0 0 9] 

^i4<oa# (s i) M^^^mLt. mmK±i-wnfh*i 
fcmmmt. mmmm±izM^^tifc. &m (n) t& 

T, (2) j^wasr, ->:{cffie-r.i.ieis^sej: fjfia 

[0 0 11] tfc:^^m^i. (1) i7t<± (2) 
<n^m^zmx.x. (3) iSfss*-, >;> (?) ttzim 

^ (As) (N) t ^«^7c^t tr-i-tf I I I 

[0 0 12] S;t3|s:|&W(i, (1) tfzii (2) t;|e« 
OlfeWl-DOxr, (4) iStmmi. ')> (P) SfcliJIt 
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5 

311 (As) tmm (B) timmytrntLr^t;! I I 

10 0 131 tt::$i§tmit. (1) 7bm (4) 

§km^zmx.r. (5) itM®?:. asR (n) t^mi^m 

[0 0 141 ifc^^ma. (1) nm (5) u^fto 
^mi-iu^r. (6) afbu >"fl:T-'P5--i' 

U • if^)^i>. (A IxG ai-xNi-YPv : OSX^ 1 , 0 
<Y<1) i)-hm^-t^^hi)^^i\^\^^ 

\Q Q \ f>\ ^fzimmu (1) 75^ (6) icfe«<o 

^^fcsDxT. (7) ^itm^. nwmh^i^^-f 

(N) i:a«mo*V^7C«i:^#trI I I 
[0 0 161 i;t*flW<i. (1) 75M (7) lCf5ft<?5 

^igt;*nx.T. (8) ^itm^. mi i i^wsKTc^i 

>ti (phase) ^^'b^^#ffi«jS<^^^e*»f>»fiS:-r 

[0 0 171 (1) (8) {rfe«o 

llwuSDx.r. (9) Sff; >fb**u •t'A • 

-Oz^'^A (G ax I ni-xNi-Y Py : 0 1 , 0< 

Y<1) *»C>fll«-r*ii:**«ft Lv^o 

[0 0 1 81 t;t*|&gg{±. ( 1 0 ) ai^ttoa* ( S 

i) M^m^mm.±izm^mimif^T.mt. mmmm± 

AZ&m (N) i:S*m<7)^V^7C^t*r^tf I I m 

sfb!B&#«fl:^» 5; s mmm t §kitm 1 j: f) $ n 

[0 0 191 S^c*|&W«±> (10) UfiEISOl&gBlCSD 
(1 1) '>:i::«:«i-2.S;aifeB^«J: I) 

[0 0 2 01 s/j^^?gi±, (1 0) tijM (1 1) (cie 
ifeo%?g{cjDx.T, (12) mmmi. >;> (?) if.: 
(As) ta^ (n) t^^^Tc^fetLr-t-tri 

[0 0 2 11 t fz^§^mii. ( 1 0 ) ( 1 1 ) ICIE 

m.<r>^mizi}ax.x. (13) >;> (?) tfz 

imm (As) tfflsfg (B) timnsLTtrntLx^tsi 

(0 0 2 21 i rz:^f%mii. (10) (13) {ZU 

m<n^mi,zmx.r. (i4) iiE^)i^, mm (n) 

[0 0 2 3] tfz:^mmit. (1 0) Jbm {I 4) izti 

iKo^^gtwjjDxT. (1 5) mmm^t. ait'; xct^p 

^-'^A--ffV<yj^ (A IxG ai-xNi-Y?Y : O^X^ 
1. 0<Y<1) *>f>«ffii-'5ii:3&«4f* Uv»„ 



(4) #S 2002-270896 

6 

lb 0 2 4] tfz:^^mii. (1 0) 7!;M (1 5) tlfE 

ife<o5iwi-*px.T. (16) ^mi. mmmt^^M: 

^■t*a^ (N) tSlSJ-l^^OlSV^TC^t *#tr I I 
[0 0 2 51 t fz:$:^mii. ( 1 0 ) 7!;^ ( 1 6 ) HIE 

«g<^iiegtc*Dx.-c. (17) §titmi. mi i isi«fiE 
7tmtfziimvmmm.7cm<Dm.^it (««) ^^ici-s 

Itl^Offi (phase) ii^h^&0'^m^<O^&ISli^(i> 
iO [0 0 2 61 i7t:$:5IWi±, ( 1 0 ) 7!7M ( 1 7 ) i-IB 

VL<7>^mizmx.x. (18) fi^fcss:, Sffc'j vfbjy; 

'^A'-O-y'^A (G ax I di-xNi-yPy : OSX:£ 
1. 0<Y<1) *»t.««-r-5.ii:*«fl^iLv»o 
[0 0 2 71 

mm<r>mm<r>mm] ^ftm<r>m i <oiiaiff^,«-ci±. n 

Mtfziipf^.<7>is:m.tfL<omm^s im^^^mmtLx 

-5>o itSfet (ffiSt^) H LT 1 0 n c mJlJJLT, »t L < 
ii 1 0-2 n c mJJlT<^fi.*f'fcj9tStt<0 S i *Sb^{±*« 

II 0 0 1 . 1 1 1 0 f itzii 1 1 1 1 1 ^yi^hm^X' 

^tie:,i&iy-i^^mx*)Amizmm^-(^m.+m 
(ommxmmLtzmif^i*'t^ s i M^m&'bm's.t l 
xmmx^^o u 1 II ssffifi, II 0 01 m^BW 

immi-^i.z^^^t^j:^o 13 1 n is i n ^ 

30 (c h a n n e 1 i n g) {ZJ:-& S i ^^^ft^-vO 

^^mmm^7cm<n^xi1ltfst\■ti>^znm^^^o l:*> 
[0 0 2 81 1 <r>^mmmiz%ibi, i i i 

Lxm^-r^o ist9m±<r>f&^mt^-^7-a^^ cs 
H) wittTtJi-fi^xn^-^ (DH) mma-hmmx 

40 ^im:t\z\t. mMWi^m.m^<r>zi>9^Y {c o 
n t a c t) m'>?mMMi^mmi^m.-ti>^ti>^x^ 

i>o ±M^'7 'y h'm tfz(i::i> 9 hm±izm 

1 OSmM<omffiS:Ktt> S i *iSS^«®(C^2 O 

m'mm<7)mu'tmftii,f:^^mizmt>h 1 1 i:^aft;% 
^mi^LEDimi&x'^:ho tfz. m^is. w,mm:^m 

m\Tkxfm2<r>mMiWim.Lx. :^mmi.z%t>i,i 
I imm.im^^i^V'-^ir^^-Y (ld) ^mw^x 

50 mLWimzm^\,zfmii^m-^^ti)*x^i,o 
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[0 0 2 9] ^^m<r>m2<r)mmmm-r^ii. ^as,®^. 

taw^^^imiz-t^. Mx.i£'} >itm^ (bp :^ 
=f^^sl= 4. 5 3 8 A) ^m.imm (b a s : i&^seISc 

= 4. 7 7 7 A) *>f>^«g?r«^-r-&*&-g-tC?:6*7>Jf& 
^ (mi sma t c h) ^r^fDLT, 

x-if'; v-ftflisi? (BP) ^^h^j:i>m^m^m±izii, ^ 

^mlf^^^^m] > Vol. 24, No. 2 (199 

7) , i5 0H#HB) (ommm^mm^it. ^^.y-i y 

[0 0 3 0] ffi:za^^B)l^^^B°HK#^±#:i: LT^fiSci- 
-Sfc. S i #SS^t<7)ife^-5 x-r y^5:^fp-r.5>(C 
"bit-So ttoT, ffiS^Seo^gSft 

-So mx.lt. ^pliSSri^t + ^'J >fba8* (BP) ^ 
SaS:»-5trj±, *5;2 5 0"C-^7 5 OlC/ii^Jl 

•tSo WiPtLTJi, -<IKtC|^-^-/^-i' (nm) 

85:+ n m-fy^^i-f^ho ^Sig^S (±#^B^J1 ^ <7>**S 

'i)iaK*»a-f So UVfbSHSR (BP) *^B%«:#SH 
J±, 7 5 or- 1 2 0 Orji^S-f (*ii#ii=6, 0 6 

9, 0 2 1-^) o iSia^B^B)l^®ja^SSi:-J2>-f L4)l^ 

t::^*E^K-e>^^«:ife-tt, LEDtz^-oTIi, JK* 
I^^E (Vf) <7)l:M(::^*«*''*tff>*t-5.o 
[0 0 3 1 1 Si **gB^B^«±(;|5tt-5.@a5 (buff 
e r ) g=Sr, Si ^^Sk {^^^^= 5 . 4 3 0 9 A) 

^iSS (G aNo.o2Po.98) , SftStftTtfJ -^/AtaS 
(G a No. 19 A so. 81 ) . Mft'J Vft'f Vv-'-^ AfSa^a 
(I nNo.49Po.5i) SO-'SftBtft-f ^V-^^ASS (I 

nNo.ssA S0.42) :4»P>«^-t*t»f J:v^o BP*>, ') > 
(P) if.:{±«H:5(? (As) (N) t Sr-g-tr I I I 
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[0 0 3 2] ^weiit/c. mx.\t')>imm (bp) 

i/cliBtftiB^ (BAs) 5rif*^«b««:T-i-&o 

>fMii:<r') >!7Aii.8^ (B0.02G ao.98 p) S-cm-ft 

fflS?^**') •i'AjftS (B0.25G ao.7sA s) ^3i»P>«iS i 
#iHiStC^&i!^S-g-r-5jj»«)l*«^-C§So Si*igS 

(B-0.33I no.67P) SynSft'ftfflB^'l' A iiS^ 
(Bo. 40 I no. 60 A s ) ^^"b t#^T-# e^oT> 

(p) iLtz\mm (As) tsB^ (B) t^-^m-f^i 
mt Lv^o 

20 [0 0 3 3 ] S i #^B^Bf^*&T-S-^^*;t-r±fBco»;fe 
I I I^fl:!fe4^*#:sgv^{±I I I -V^jb-&%#^^#: 

is J: O^JSiS^SS f, * * flIiS i: -r t !E t:: > 

g(±S i*^B^ai:ra-<7)fe^5e^^-?-x.sa^O##*^ 

i^«e*l§'2.Ct*»-C#-So Bo.33lno.67P 

4giES:ftLT, *Br-«?9x.if. ^i/tU<om^m iz^^^ 

[0 0 3 41 ^^mx'iu mmm±izwf^p nm^m 
^T-u^^ffy^Uim^ (N) tm^ (N) j-mo^ 
v^7c?^?r#tf 1 1 iwmim^mim mr, isv^ 

'&<oB8^(~*s«v^iEss*^'b«^-rso mvmm& 

mi)-h(±. U> (P) *7tliflt?g (As) Sr-f tr I I I 

i.zm^m-kiri>^m (N) t^m (N) J-J.i1.<0»Vil7C 
50 miSim^-ti,<r>^miL\'^o 



-5- 



9 

[0 0 3 51 ^Wi^Ot&^-^&^-pi t , 

: %) = I (Di -Da) /Dil X 1 0 0 

Wa^-kX-h^^^. IP*., T>^ KHzO^^TXHt 8 Hn. 
lit ^-5.0 Di >D2<0#:^t?(i, (*) (i 

itlciEtt«r$^-So iEMWtt-C^orfe ***:*:-^ab-&«, 

-So 

(=*) (iot^f), ^&^-s-^c7)ga^t;i^„ mmmt 
t -& o o 6 (D^mmmr- 1± , sit u > -r tr 

5 zi-t? A • A (A IxG ai-xNi-yPY : OSXS 20 

1, 0<Y<1) ;0^<b^^^V^?£a^B*''biit«^tt&i^ 

iTtlipJ^O'J Vfkffli^ (BP, ^^-5638:= 4. 53 8 
A) ;6^f>^-5,«t«^±l-(i, S^afigJt^O. 0 3 ( = 

3%) t-t ^itij ^m<r>m^t') yit:ff') 'y-i^ (GaNo.97 

(BAs, «^^SB:=4. 7 7 7A) *»t>i-6S«)B± 

tC{±, ^iti:t&^^^-r;SM^afigJkS:0. 7 2i:-r^ 
2::^iS<7)G aNo.72Po.2«4rKS«t LT«g-t^o ^ 

ii:$**<0;&*iitai-e*-&o KfK (O) ^(om^^m&itrM 

[0 0 3 71 :4!^§km<r>m7 (ommmmr-ii. -rm^^yy 
v>o m■mmt^(^mL^<r>^m~^h 1 1 ims^im^m 

S-7o t^xJf, jt^SOG aNo.97Po.03 (*&^5eiS:= 
4. 5 3 8A) :*'<b^^KMe±tCli, 'f>-v':7A (I 
n) a^JfcSrO. 1 0 t-t^S-ff; >-fb*''J ■t'A • 'f 
v't'A (G ao. 90 I no. 10 No. 97 Po. 03 : ^^5cS6:= 
4. 5 8 5A) «r«JiLTl&jfcS«r««-t2.o GaN 
0.9 7 Po.03K^§ tGao.gol no. io No. 97 Po.o35l3t 

[0 0 3 81 fl^8«±:i^iW!fe**fc|£t:?SSPLrv»:&V»T 50 
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> b'--/ (u n d o p e) <7)1tV^?lB^H)l;0^f>«ffiT-§ 

mmmi^^m^ktrnmiz. ^uu-^a (Be) , 

:r^->'i'A (Mg) (Zn) *^pB K-^f > h t L 

Tftffl-e^^o n?i^K-/<> h(7)taj{C(±, S (S 

n) m<7)mivm7cm^^^(mn (s) , -tu^ (s 

e) , 7-)vn. (Te) ^OSSV I^7C?!?*»i5effl-C§^o 

(C) ^OMtt/F^t»<) K-/N"> Lrfijfflr-^ 

)W:*ri6iSJE (vf) <ott^Ji*[i**$>5rv>g]R<o^^'; 

T Sr SH^-t -6«t::T:*E!&;&«^SD $ *iT 4 <07i*S * 
Lv>o dr^rUriftSt LT(i«Efe, 5X10'^cm-UJL 
±, 5 X 1 0" cm-HJlT<^|gH*^ii-r'&o C:<^«EHO 

X 1 0'9 c m-'^®x.^S;v^^-v V T^gJS^^»^7J^yi:«!) 

[0 0 3 9] *^?go»8<7)*ifefl^.^-C(±, %5fee«r# 

(mu 1 t i -ph a s e) Wittti, «V;^8ISS:fl| 

(phase) ttzim^Bm. (d oma i 
n) c7)*'g-#:;4>e>^-S,«dg^}i-ro 0lJxtf, -ife^A 1 
. G a I ni-.-^ Ni-yMy (0^-agl> O^p^ 
K 0^« + /?Sl, 0< Y< K M<i:M^Jil.51-<0»V 

;W = j:iH,a (A1) asKit (=a) ifziiif^)'^^ (G 
a) a«Jt (=;8) i/cJi'f ^v'-^A (I n) ft^Jt 
(=!-«-/?) «rffljS-r^^H^fflc7)*'^#:;^^C,^-i.^ 

*eT'*So f ;t:j±, mm (n) a^jt (=y) ^v^j* 
mm (n) tJ±go«7>sivi^7c3i? (=M) , mx.i£. 

(P) ^flt« (As) ^<Ofm.it (=1-Y) «:fflit-t 

S «t5c«75ffl:6- h^j:^ X'^^o 

[0 0 4 01 *#fi<>i-i±, tJ::^raoa^b'; vfb 

A • > v*>^7A (G a^ I ni->j Ni-yPy : 0^ 
0<Y<1) tC*oT, Vv't^A^.^Jt ( = 

^J, Wa^Jt (=Y) Srffiiii-^1SS:<0*a*'<b^:^5l 

-✓■t'A (Ga^Ini-^Ni-vAsY: 0^/8^1, 0< 

Y<i) ic^oT, AafiKJt (=/?) ^flk^a^ 
Jt ( = Y) ^^ffiit^S«i@:Offl;&-lbSffi^^^y'c5l*e-C 
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C-ft)S't'-5>±#:1S (matrix phase) ^^W- . 
^ai^tCfScffi-r^fi^ffi (sub-phase) t-fy-hi^j: 

-9- (nm) ^f-rXcOiH&J^^^ fcii^^^<7>|gt*S^#:, 
^vMi 5 ^' n - rJ' - (^m) ^'f X<0«t^#:t LT 

[0 0 4 1] «v^iss(7)|&*«i±, tajxJf, I I 70 

(MOCVDft) ^O^ffl^S^S^fflv^T^^gT- 

LT, h >; > -^^U ( t r i m e t h y 1 ) it-^mz&M 
LT^^J-JSttO h U ( t r i e t h y 1) fb-^ij 

^jwfflsm ( (C2H5) 3B) «±flii* (B) mtLx. V 

n^^A-if^l^i^ ( (C2H5) 3Ga) {i.if^)'^^. (G 

(tri isobuthyl) T^P? — -^A ( (C 
Hs) 2CHCH2) 3A 1 ) \tT)l'\-^2^ (A 1 ) mt 

1 flfit1-*->^'n^>-^' vaij:^;p^ ^'v'.^A (CsHs I 
n) **4fjg^^ >'v^'!7Aaii:;fc-& (B:*:il#W=»2 0 9 
8 3 8 8-^#BB) o T>*-r (NHs) ■^*:;^V'r> 
(PHa) f/il±T;U->> (AsHa) ^<7);P^y^ (L e 
wi s) il«tt^?-t<7)^ffi-1^";-T- (po 1 yme 
r ) itRJ^-hmm^il (J. Crystal Grow 30 
th. 107 (1991), 360-364 M#SB) , 

(AsHs) ^-i^XVf > (PHa) ^^^UfflT-^^o m 
(droplet) **fl|)S$tt;tm-C*-5<?5:**a-r*o 

J: ^mmtij:i>tz t^mmmm. $ < ^ 

»t*il®^W(iS^$-<ir*o *f;l 0 0 OlC~*?jl 1 0 0 



2002-270896 

[0 0 4 3] #ffi«iio|g*e^ff^fi!ci-;i,(ci^t, sscft 
jf, 110 ovxmm^-^fz0'^m^<r>G &N0.92P 

iSOi^ K-yh (quantum dot) »<7)|SSia 
[0 0 4 4] G ax I mi-xNi-yFy (O^X^ 

1, o<Y<i) xm.ii^fii>w.vmmi^7(i^hi±. mm 

ao. 90 No. 95 Po. osPtSS fc G a No. 95 Po. oi^tibM t 

^t&MM<0^itmii. G ax I di-xNi-yPy (O^X^ 
1, 0<Y<1) *»e>«*-t-&0**»t Lv>o 
[0 0 4 5] 

10 0 4 6] 

fzl I I^gfb!fe4^^#:LED^^lcLT*|&?g^*#: 
6«ltC|feW-r'5.o ^:*ifet?llU'^*>^LED 1 0O»f®m^t 

[0 0 4 7] *«1 0 H;(i, (B) K-T'rpjg 

o (1 1 1) M**-r^s im^B^^fflv^Tto 3^«^i 0 

1±IC<±'J ^-fkaS^ (BP) ;4>^=t*ffi:ia^a)g 1 0 2 
- 1 S:JtfllU/^o 1 0 2 - Hi h v^^^jum 

Id ( (C2H5) aB) y:^^Xy-{> (PHa) (H 
2) m«J±MOCVDift{Cj: f), 3 5 0t;T-fi5;ft$-€- 
Tto fiia^Se 10 2-1 <r>^mii¥i] 1 2 nmt LfZo 
1B:i&i^£€ 10 2-1 <r>mWKii. ±IBOMO C VD§C 
4i*S¥S?r¥lJfflLT, 1 1 0 OVX-rif^-i/'yj^ (M 
g) «r K-e>^^Lf>:pJi^BPS*?SS^S® 1 0 2 - 

;^_->^n-^>'i'v*aLj:^;W-rr^-v'>A (b 1 s- (C 
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sHO 2Mg) Srfflv^Tto iSia^H^BlS 1 0 2 - 2 

•J TiftJKJi^ 7 X 1 0 ' 8 c m-3 t Lt^To gff(± 5 0 0 n 

mi: L;to flIiaittS 10 2-1 t^ig^SS 102-2 

t<7>mmmm^hmmm 102 sts^l^co 

10 0 4 8] !aS*gB^H^ 1 0 2 -2±{CI4, ';>ft:li* 

(BP) t^^m^-r^TJus.-'yAis.m.^io. 10 
(=10%) tL, >;> (p) a«ik*o. 0 3 (=3 

S.—'yi, • if^)'^u (A lo.ioG ao.90No.97Po.03) 

es-rasiJ' 9 ks 1 0 4 1 L-c«Ji \^tzo ^^^^'m 

1 0 2-2«-^ri-BP (^5Ei5:=4. 5 3 8A) tT 
SC^^ 1 0 3 OA lo.ioG ao. 90N0.97 Po.osiS 

(^^■S&=4. 5 2 6A) i:<0l&^=-5XT-y^JS 
<±, iS^^plilS 10 2-2 <^t&?-Sel^^«j»i: LT*tj 
0. 3%T-^>o^wo tt:;^SA lo.ioG ao.90No.97P 
o.03«EMS 1 0 314. h «J ^■f-;PT;l^5-'t7A ( (CH 
3) 3A 1 ) / h -t/A ( (CH3) 3 0 a) / 

PH3/NH3/H2*^SEMOCVDfeHJ: <) 1 1 0 0 

"C-egtgs-frTto Tap^' 7 -7 KS 1 0 3 ^ >; rifts 

<4*!j3X1 O'^cm-^tL, )lJ?{4*f; 5 0 0 n m t L 

[0 0 4 9] TSPi' V y Kg I 0 3±ICI4. giP^^l 
0 nrnt-f^ njg055::&aiafb'; >ffc«"';'t;A (GaN 
0.95 Po. 05) 1 0 4 *a«L^Co »3fcg 

10 4 O^^^icJi 4 . 5 5 7 A-C* 0 , TSU^ 9 y K 
SI 0 3t|&3feei 0 4 t«9*&^$;^-r y^JK{4. TSt 
^9 -7 K«l 0 3<7)^5gSc*l£*tCUT-7^-^->^ 

(-) *^0. 7%i:^-:./Co §l*g 1 0 4{4, h U ^ 
f\^if^)tiU ( (CHs) 3Ga) /PH3/NH3/H2* 
IfTJEMOC VDfelcJ: ►) 1 1 0 OlCT'^R^-frfjo 

[ 0 0 5 0 1 l&jta 1 0 4 <OS®±tCli, (CH3) bA 

1/ (CHa) 3G a/PH3/'NH3/H2m'»l±MOC 
VD&HJ: f) 1 1 0 0"CT-±gC^' 1 0 5 ^raS 
L/Co iSP^'^-y K«l 0 5 lis i K-T'T-nJi^OA 1 
0.10G ao.90No.97Po.03S (^^■^i&=4. 52 6 
A) ii^hmm.X^fz^ l.U^'y y KS 1 0 5 t^-nW^Q. a 
No.95Po.o5*7fcS 10 4 t(r)%^\7.-^'j^mt^ * 
5fcSl 0 4«:l£i*t LT*5jO. 1 %hii':>tZo kMi^ 7 
y Vmi 0 &<r>^^r >) rWkmi^ 8 X 1 0 1 ^ c m-' t 
L, mmai 2 5 nmi: Lf-Zo TU^^y Kl 0 3 
jfcS 1 0 4 t±Mi7 9 y Vm 1 0 5 i:36'<b1&^^-^^0 
p nfe'g-ffl^^T'^l'^-r n«-g-«jt<o|&3t8P 1 0 6 

[0 0 5 1 ] ±M^ 9 y Ke 1 0 5 JiiCJi, nf^'J VfL 

as* (BP) i)-htc^mMW:^mi 0 7 ^m.m^'ttzc 

^SEiefcSl 0 7Sr!5:-rs i K--/OB PJBIi. (C2 

Hs) 3B/'PH3/^H2S'»IIMOC VDffiir J: I), 11 
0 01CT-^S$-ii:;to m»£l£ticS 1 0 7 0SJP{4*tj5 0 
nmtL, tfz^ +^'J TiaSI4*^3 X 1 0'« cm-3tc 
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[0 0 5 2] ±fe<7)#Soa«;6^*?-7 t ;t p S L 
B^3£«l 0 1 0«MlZ«i, 7-'l'5->^A (A 1 ) -A^h^J: 
•SpJg*-? •y^' (Ohm i c) 1 0 9 «rfML 

)to s;t, wmmmi o 7<o«iBo«t>*u{±, ^ (a 

u) ;*><b^;S) n^^- 5 y i^^ffil 0 8 ?rffiSL;to p 
0;^-- 5 y j^ugi 0 8 0Ea(4*tjl 3 0/umi: U;t:o 

Ife«l 0 1 t L;ts im^S* [2 1 1] 
U¥tfSt>*Sa^::^|6j»C^»fLT, -aS-*5j3 0 O^m 
t-t^S.LED-f^yT* (c h i p) lOt^LTto 
70 [0 0 5 3] nSfcJ:t>'pff^+-5 y i'mSl 0 8, 1 
0 9W{CLED^I6ffl«»ESra»EL7to SsS-SjSE (I 
- V#1±) I45l7l£au 1 0 6 OSMU p nS^#14{C«-c? 

IfijmiE (Vf) i4*5j3. IV (fit, )l|S:^|6]a»£«r2 0 
mAtf-So ) bttritzo tfz. ia»*|6]affi{4*5j 1 5V 

(tiL. m.:^mw,m.i: 1 0 ftAt-ti,) ^ta^tz^ mi 

ia]{C2 0 5 U TV'^T (mA) (r>m\'mM^'-^^'L-fzWi 
(-J±, ^5fc4>'6^*t*^;4 6 0 nmt-r^Wfejfe^^mit 

[0 0 5 4] mWS^ 2 ) 1 {CfBttO«S«itf|i: 

tcj^v^r. itiS^B^BB 10 2-2 <7>^^mtmtif') ^7 
A (G a No. 98 A so. 02) SU^KL, ffeO^fig)! 
iS0lJl tl^-t LTLED^rft^LTto S::^a^G aN 
o.98Aso.o2lg (^T-56IB:=4. 5 3 3A) tAlo.io 
G ao.9oNo.97 Po.o3Tg|5^'9 y K« (*&i=-^S5:= 4 . 
5 2 6A) i:<Ol§i=-5^-7y^S(±ie;ja^B^ll<^^^ 

[0 0 5 51 mmmnz?im<^M<mm,Lfznmisxxf 

pM^- 5 y i'^gratZ2 0mAONI::^|6]^gK?:jlBi£L 
;'ci:w;?>, >t"'£.«iftft4r#^4 6 0 n m 1 1-*»fe3fcd*m*|- 
$*V3to mifjJt^mS. (Vf) (4*fj3. IVt^ro^to ^ 

O I I I LED ^fltio 

[0 0 5 6] (^mmS) (P) K-yOnff^-C 

(111) ®**-t--5) S i miesife«2 0 1 ±l,z^ V** 
9> (B2H$) / (CH3) 3G a/AsH3/H2*Mff 
40 MOC VDS-e4 0 OrT'St-ftfiffl^ • "t'A (BxG 

ai-xAs) f>-(i>m^LfziS:is.^^m2 0 zimm^^ 
tzo mm (B) m^it (=x) (4s i^iffisfc^ig-^ 

■f-SO. 2 5 t L/Co l&iaiSSe 2 0 2 - 1 {4*^; 1 . 3 
X 1 0*^^:^i7JU (p a) (OmS-TX-mS^-^fZo i&m. 
^B^S2 0 2 - 10gjp(4*5jl 5 nmi: Lfwo 
[0 0 5 71 »fiSTEM^-eoaig{C{«c*ttf. ^Kl^<0 
rX— yn — >- (as-grown) i>cS<'>Bo. 25 G a 
o.75As1g:ia^Hl,S2 0 2 -lT-(4, Si*^S^«2 
0 1 3 nmtI^*««{4#^St 

50 5roTV»;to t/c, B0.25G ao.75A s1g:iaiBaiB2 0 
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2-1 turns iM^m^BmU2 0 1 tizit^ m\m^Mi6 . 

[0 0 5 8] B0.25G ao.75A s®iaJ^SJB2 0 2 - 1 
±(C(i. ±fe<7)MJ±MOC VDRlS^^rfUfflLT. 9 5 
ortrfflgma^ ( = X) iiZm,fk^mi:H^LtzS i K- 
•/OBxG ai-xPfiJia|SB^J12 0 2-2 «r«JSLfJo SB 
^ (B) COaSJtti. jSia^aliS 2 0 2 - 2 OiSiPOii 

SD:^ripj(c 0 . 0 2 J: 1 . 0 {zsimmizmu^'^tzo m 

ffifiK^ESr#L;l:iSiaiSB%/i2 0 2 -2co*Sli»; 70 

XLSB^ (BP) mtLfzo mm (b) <7)a^^Eii. 

M o c V D CO V ^ ><7) m^t im^^iz — » 

m.'J^-^'^XitLfZo mm^tms ? O nmt Ltzo iSS^g 
B^e2 0 2 -2<OffiS^OSlS^<OJEtJii*?;l. 3X1 
O^P atliS:^L;'^o BxG ai-xPa^>^aS (X = 0. 
0 2—1. 0) il;6-Jb^^iSia^B^@2 0 2-20^S 

v>'^> (S iaHe) - HziE'^:^*^ L 
TS i S: K-tfv^L/Co ^-v U TiftK(i*^; 1 X 1 o'^ 

iSSfSB^g 2 0 2 - 2 ( 1 1 1 ) Ef^14<03z::;SrB^H<7)B 

xGai-xP (X=0. 02-^1. 0) fSSST-*)^ t 

[0 0 5 9] 2 02-2<hLfs:BxGai-xP 

a^^iSJ10^K?:*?'7L;t:f^T-ii. B0.25G ao.75A 

s i&i^mmm 202-1 rta$o#H^®^<7)^gp^(i, a 

s-g r ownikmXS i^ifeS*«2 0 1 

fz. BxGai-xP (X=0. 0 2--1. o) iSiaiSH^il 

2 0 2 -2«i. S i^m^tm^m^-r^U&(DBo.25 30 

Gao.75As {^^^=5. 43 1 A) ^^-^^^fiiS 

m^um 2 0 2 -l±UI3:tt;t:/::i6. fijat-f^ ^ t o^v^ 

is^mt Jio/jo mmm 202 ii±tz(D&^m^Bm 2 0 
2 - 1 ar>'iiia«sss 202-2 (DMmm^^^^m^ l 

[0 0 6 01 iSSI^H^S 2 0 2 -2±iZlt^ (CH3) 3 
A 1 / (CHa) 3G a/CsHs I n/P Ha/Ha^.ME 
MOC VD&iCi: »9 1 0 5 O^T-nff^A lo.osG ao.97 
NQ.97Fo.oz:d^h^j:^TU^^ y KS 2 0 3 4rK:tt?to 
a^^E^r^LfcBxG ai-xP (X=0. 0 2 1 . 40 
0) iSia^Bl®2 0 2 -2<7)ft®S:^ri-BP^ 
i5:=4. 5 3 8 A) i: A I0.03G ao.97No.97Po.03lB 

(1§?'^»=4. 5 3 4 A) ^XV^y-^atiB 

p^*SB^BOt&i^^85:^^f^uLT^o. 0 9%-e*t). 
t&7*S>^coBa^i:^o/::o TSt^v y 2 0 3 O^S 

S i2H6-H2rS>&:«^xS:iftfflLTS i S: K- 
tr^^L/Jo TSP^-^ y KS2 0 3 ^ »; T*Sii*^ 
5X1 018 c in-3i:L. S/^. Jll¥«i*5j3 0 0 nmi: L 

[0 0 6 U TSfiJ'^ y Ke2 0 3 0±Uii. (C 50 
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H3) 3G a^CsHs I n/NH3/PH3/H2*i^JEM 
OC VD^SllJ: *9 9 5 0VXALyf^B<OnmG ao.so I n 
0.10N0.97P0.03 (*&?-^S:=4. 5 8 5A) 

t'r^^^m^<o^itm 204 *«e L?to 

7fe§2 0 4<7)^5(C^^L-Cfi. ^ Ail^SO^W ^v'^ 
Aagt L/:: h ^^^l-r^'U A ( (CH3) sGa) 
v^n^>^v;jn-;W^ (CsHsIn) «r^i6 

3 o#^siiLfcm. ^aoi I migsc;^v^?ig^efc*& 

-r-^^^SSrJRo/Iro jI*H^BO^*e2 0 4c7)±#:ffl^T 
SP^^y KJi2 0 3 i:<7)1&^ ^>^'Vy^jS(i, TU^'y 
«y Ke2 0 3<0^^»S:Sj^(CLT. 1. 1 %0 

t&^-^^coM^t ^o/co ^^mm^±m2 0 4 

-r'2>eemffiti^^a^Jt?r:feJi. 0. 90-0. 95^ 
•t^Ga 1 nNP^-hmf&^fir\^^fZo 2 0 4 CO 

mm^tms O nmt Ltzo 

[0 0 6 21 ^^m^^itm2 0 4 0±H(i. ^^^-i^ 
(Mg) K-tf ^iJ^L/cpffM I0.03G ao.97N 
0.97P0.03 (t&^5ESS:=4. 5 3 4A) i)^hij:hk.U^ 
"yy Ym2 0 5 ^®gL;^Co ±95^^-7 KS 2 0 Sii. 

(CHs) 3AI/ (CHs) bG a/CsHs I n/PH3 
/H2^i^jEM0C VD;StcJ: »9 1 0 5 Otr-^fiL 
fvio ±615^5^ K«2 0 5 0^-v';TiftSJi7 X 1 0'^ 
mW\t%'^ \ 0 nmt L/sio TSS^^ '7 KiB 
2 0 3. 2 0 4. Si!/±SP^ v v Kg 2 

0 5 t-h-h^^^^^.a^^ ng-g^MODH^^Ol&Tfcgp 
2 0 6Sr««L/Co 

[0 0 6 31 ±gB^^'y Ke2 0 5±{z(i. pff^fltftffll 
m (BAs) :6^«b^^::r>^^ h§2 0 7 ^m§$^-li: 
fCo :::i>'^^ he2 0 75r^t-Mg K-yBA sJl(i. 

(C2H5) 3B/AsH3/H2^#ffiMOCVDi*tCJ: 

9 5 or-e^s^-tiTTtio :^>9 ^ hm2 0 7 (omw 

{i*?j5 0 nrnt L. STt:. ^ ^ V TiftJftti*5j 3 X 1 0 ^ « 

[0 0 6 41 ±t^(D^m(ommi)mT Ltz nms im^ 

B^*«2 0 1 CO^ffitCfi. T;l^^::^'>A (A 1 ) ^^h^ 
^nM^-^ (Ohm i c) ^ffi2 0 9 ^BffiL 
;t:o tfz. nv^^:^ hB2 0 7 0S®Oft'5fc(C(i, ^ 
(Au) ^O-^b^-^pB^f-^ y ^||g2 0 8*EgL 
tzo p^:t-^ y i5^«S2 0 8 0ii:g(i*^l 1 0 jL^mt 
LfZo m^^k. m^2 OltLfzS i^SalS: [2 1 

1] :&i6itc^ff^iifSiEir:^ffiiu»BfLT. -mim2 

6 0/4mi:i->5»LED-^7-r (c h i p) 2 0 i: ^ L 

[0 0 6 51 pmiSXVnr^y^-^ y ^m&2 0 2 
0 QKCLEDIIKlifflmSESriiSELTto mit-SJE (I 
-V#tt) «i%7tgP2 0 6(7)^fiF^p n^-^^tttZlgo* 

(fiimffi (V f ) (i*5j3. 2V 4iBt^ mif\^M^i2 0 

mAt-r^o ) tii^fzo tfz. m:H\^ms:itmi SV 
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:^|6]tC2 0 5 ';T>--?r (mA) <oiift^^^a»£L/w 

•e<7>|&7t^Sli*t) 1 4 -r ^' n 7 h (;uW) 
JS;f&3feSSK<0 I I I ^ffcife^^f^L E TUm^ ^ *t 

10 0 6 6] 

««m±{c^«fJis-^UT, (N) tmmi'm<r>m 

t Ife*^ t ^ ^ -r D g^ftii <b ^ ^ t ^ 

^ o 

[0 0 6 7] tfz. mmmi. fiisr-^sL/cffiia^sB^ 
[0 0 6 81 tfz. mmmi:m.^ (n) (p) 

ttz\iVm (As) t?:«*7n*t Lr^tf I I 

[0 0 6 9] mmm^mm (b) (p) 

ttzlimm (As) Sr«fig7C^t LT^trl I I -V^ 

i t jj^r- $ . isn^sfiiso 1 1 1 m&im^m^^^ 

[0 0 7 01 tfz. wmmi. imm\zi^=f-t&^-thm. 
« (N) tm.mm\-<r>mvmitiikti^tsisiyrw&^m 

[0 0 7 11 KSS^Sfb'J >'fbr;i'5-.;7A . 

*'';'^A(AlxGai-xNi-vPY:O^X^K 0<Y 40 
<1) *>^«fi!t1-^.t, l&^St(0ajS<0l§tS||4rai» 
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[0 0 7 21 itz. mtm^mmmtm-^y^'r-^^fSi 
t **-e # ^ fz»b. Mfk^^m<r> I I I mmim^mi^^ 

[0 0 7 31 ^^'tmi 1 imm^Ttmtfzii 

IS V ^fl|«7C^ oafifeJt Sr S tC -f * aiifcOffl 3i» <5 # 

[0 0 7 41 ft^mimtV >1tif') f7 A ■ ^> 

'J'^M. (GaxIni-xNi-YPY:O^XSl, 0<Y< 

1) t^hm^^^t. ^±mm<7)m±'S:^-r^ytmi:^ 

[0 0 7 51 tfz. *%ggco I I I mAit^^mi^^it 
1 1 s-iaii-r * t ^jt- ^ i 

[BliSofBf#^rife?qi 

[Hll {-'^^LEDOBf®«^iar-*-5,o 
[1321 *ife«^2tc#SLEDOtBfH«^l2I-e*)-6o 

[^^■^'!ogi^] 

10,20 LED 

10 1,201 Si M^^^B&^ 

10 2, 2 0 2 ^ffrS 

1 0 2- 1 , 2 0 2 - 1 fiia^B^H 

102-2, 202-2 iSijg^SJg 

1 0 3, 2 0 3 TSP^'^ y KS 

1 0 4, 2 0 4 

1 0 5, 2 0 5 ±gp^' 7 y Ke 
1 0 6, 2 0 6 fljfcSU 

1 0 7 ^mttWLm 

2 0 7 Ym 

1 0 8, 2 0 9 nlti.-^-^y i^W& 
1 0 9, 2 0 8 pl^-^-^y i^WSL 
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